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Abstract 
The small wind generator is generally composed with permanent magnetism synchronic generator (PMSM) and other 
components, and the small wind generator is mainly employed to the single customer, hence it is important to keep 
the stability and the max power obtaining. The controller of it is only designed to adjust the generator and the current 
converter disregarding of the others. The controller for this purpose is presented in the paper and control theory is 
auto disturbance rejection controller (ARDC) which is a new control theory that doesn’t need the exact object model. 
The variation of load resistance is observed and estimated by an extended state observer, which is the core of the 
ADRC. So the nonlinear parts of the wind turbine can be considered as the disturbance which is estimated by an 
additional state. The Matlab simulink software and labsystem have been carried out and the results confirm that the 
designed controller with ADRC is satisfied.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
With the development of the technology, people need more and more energy. It is necessary to exploit 
and use renewable green energy such as wind energy, solar energy and bio-energy and so on. The wind 
generator has being developed rapidly in these years, therefore the large scale wind generator with MW is 
attracted the most attention of the people. It is known to all that the wind varies not only on the earth’s 
surface but also is bounded by the weather; hence the output power instability of large wind generators on 
grid is the key obstacle to wide range application. Several key areas of research in control of wind 
turbines have been identified during the recent workshop held at Santa Clara University [1]. Of particular 
interest to wind power industry is the development of innovative control algorithms for smoother and 
more effective control algorithms for smoother and more efficient operation of wind power 
generation systems. Traditionally, most wind turbines operate at fixed speeds except when starting 
and stopping [2].
 A low coefficient of performance is observed for all other wind speeds, which reduces the 
energy output below that which might be expected from variable speed operation [3-5].
The wind speed input model of wind generation is shown as: 
pSCvp
3
12
1 ρ=                                                             (1) 
In the equation (1) ρ is the air density, v1 is the up wind speed, s is the area that the wind past 
through thewind turbine vane, Cp is the coefficient of wind energy use. It gets from the equation (1) 
that the input power of wind generation is direct ration to the third orders of wind speed. The 
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coefficient Cp is the function of the wind speeds and the blade angle, as shown: 
( , )pC f v β=                                                             (2)  
When  the coefficient β  is constant, the curve of Cp is presented as fig1. 
Fig1 curve of 
( )pC λ
It is concluded that when high-power efficiency is to be achieved at different wind speeds, the rotor 
speed of the wind turbine must be adjusted continuously with wind speed. A common practice in 
addressing the control problem of wind turbines is to use linearization approach. This method allows the 
linear system theory to be applied in control design and analysis. However, due to the stochastic operating 
conditions and the inevitable uncertainties inherent in the system, such a control method comes at the 
price of poor system performance and low reliability [6-7]. The variable speed control ways of wind turbine 
is being on research by different teams [8].
A method for variable speed control of wind turbines is presented in this work. The objective is to 
make the rotor speed track the desired speed that is specified according to the three fundamental operating 
modes as described earlier. This is achieved by auto-adjusting the excitation winding voltage of the 
generator through the developed auto-disturbance-rejection-controller algorithms. Such a control scheme 
leads to more energy output without involving additional mechanical complexity to the system.  
2 Auto-Disturbance-Rejection Control Theories 
ADRC is a relatively new control design concept and method. It is well known that the primary reason 
for using feedback control is to deal with the variations and uncertainties of the plant dynamics and 
unknown disturbance from the outside.  
The controller contains tracking differentials (TD), extended state observer (ESO) and non-linear 
feedback controller (NLSEF).  
2.1 TD 
The TD is thus parts that the input signal passes through it and there are two or more outputs, one 
output signal is tracking the input signal, and other signals are the (n-1)th order differential signals. It is 
can be shown as equation (3) 
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2.2 ESO 
The ESO was first proposed by Han for on-line estimating the total dynamics, which lumps together 
the internal nonlinear dynamics and the external disturbance. The ESO is most important in ADRC. The 
observer results determine the control quality. Two three-order ESO for systems is proposed in following 
1 2 1 1
2 3 2 1 0
3 3 1
( )
( )
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β
β
β
= − −⎧⎪ = − − +⎨
⎪ = − −⎩
                                                   (4) 
Of which z1 observes the state y and z3 observers the extended state that reflects the disturbance of the 
system.  
2.3 Non-linear combination   
As the states of the system is gotten from the ESO, the controller input is proposed as following 
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                                          (5) 
Here, the function fal() is a nonlinear function, K1 and K2 is the parameters of control value. 
3. ADRC system of VSCF wind turbine  
The rotor speed of the wind turbine is controlled through the adjustment of ration of Boost-bucker, as 
shown as fig2. The main idea behind this method is to control the reaction torque of the generator via 
changing the winding voltage and the output current；So that the rotor speed is correspondingly adjusted.  
Fig 2 wind generator 
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3.1 Modeling of wind turbine 
In order to capture the maximal wind energy, it is necessary to install the devices of power electronics 
between the wind turbine and the DC bus. For the fixed pitch wind turbine, the torque produced by the 
wind energy could be described as follows: 
( )
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                                              (6) 
Where p is the density of the air, R is the radius of the blade; V is the wind speed; Cp is the coefficient.  
The dynamic performance of wind turbine could be described as follows: 
g
g f g g
d
J T T B
dt
ω ω= − −                                                       (7) 
Where gT  is described as follows: 
g g g gqT p i k iφ= =                                                              (8) 
Where k is the ratio of boost-bucker converter, and igq is the current of DC bus. 
3.2 design of control system 
Adopting the optimal rotation speed *ω as the referenced input of the specified speed, and designing 
the control law which made the real rotor speedω  track *ω ， which could capture the maximal wind 
energy.  
To transform the equation (7) to the equation (9), 
( )1fg g gTB TJ J Jω ω= − + + −                                               (9) 
It is obviously that f
T
J  is thought as the disturbance ( )w t  and can be detected by the ESO, the 
electricity torque gT is the control value. 
Hence, the ADRC of wind turbine is designed as follows. 
3.2.1 Design of TD 
The form of TD is described as equation (3), TD of this system is presented as: 
1 1( , , )x rfal x v a δ= − −                                                        (10) 
Where, v is the input signal, x1 is the tracking signal. 
3.2.2 Design of ESO 
The ESO of first order system is presented as  
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Where, z1 is tracking the real rotor speed gω , z2 is detecting the wind input torque. 
3.2.3 Design of non-linear combination 
The NLSEF of first order system is presented as 
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The linear model is also first considered and is proposed as 
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Normally the K1 is also calculated by the transfer function and follow the rules of TD gains r, the gains K1
is proposed as 
1 cK ω≥                                                                      (14) 
4. Simulation  
The reference wind speed is 15m/s, the radius of wind turbine is 10m, and the moment of inertia is 
1270. The control result with the wind speed of 15m/s is shown as fig3.  
Fig 3 rotor speed controlled by ADRC 
It is concluded that the rotor speed tracks the designed speed very quickly. The control result with the 
varied wind speed is shown as fig4 and fig5. 
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Fig 4 rotor speed controlled by ADRC 
Fig 5 rotor speed controlled by ADRC 
5 Conclusions  
ADRC is new controller and is applied in many plants. It is employed to track the optimum rotor 
speed of wind turbine and the control result is shown as before. The respond time of system is short and 
the difference of real rotor speed and the designed rotor speed is very small.  
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